We discuss the e ect induced on the neutralino{nucleon cross{section by the present uncertainties in the values of the quark masses and of the quark scalar densities in the nucleon. We examine the implications of this aspect on the determination of the neutralino cosmological properties, as derived from measurements of WIMP direct detection. We show that, within current theoretical uncertainties, the DAMA annual modulation data are compatible with a neutralino as a major dark matter component, to an extent which is even larger than the one previously derived. We also comment on implications of the mentioned uncertainties for experiments of indirect dark matter detection.
I. INTRODUCTION
The sensitivities of the experiments of direct search for WIMPs have remarkably improved in recent years, allowing now the exploration of sizeable regions of the physical parameter space of speci c particle candidates for dark matter. This is the case of the neutralino 1], for which some direct detection experiments are already capable of investigating signi cant features in domains of the parameter space which are also under current exploration at LEP2.
The signal searched for in experiments of WIMP direct detection is a convolution of the WIMP velocity distribution in the halo with the quantity el , where is the local WIMP matter density 2] and el is the WIMP{nucleus elastic cross{section. Under the assumption that the WIMP has the two following properties: i) its cross-section with matter is dominated by coherent e ects, ii) its (spin-independent) couplings are essentially the same for protons as for neutrons, then one can straightforwardly factor out a scalar (spin-independent) WIMP{ nucleon cross{section, (nucleon) scalar , in el . In this instance, the information derivable from any experiment of WIMP direct search may be directly formulated in terms of the quantity (nucleon) scalar , and the sensitivities of various experiments may be easily compared among each other 3]. Properties i) and ii) are actually satis ed almost everywhere in the supersymmetric parameter space 4], when the WIMP candidate is a neutralino, which is the case explicitly discussed in the present paper. scalar < 1 10 ?8 nbarn; (1) for values of the WIMP mass, correlated with 0:3 (nucleon) scalar , which extend over the range 30 GeV < m < 130 GeV 6] . The region in the m { 0:3 (nucleon) scalar plane, singled out by the DAMA experiment at 2{ C.L., is the one depicted in Fig. 2 Once a given range for (nucleon) scalar is singled out by an experiment, what are the implications for speci c particle candidates? We addressed this question in Refs. 9, 6] in the case of the DAMA data, under the assumption that the reported indication of an annual modulation is interpreted in terms of an e ect due to relic neutralinos. We derived a number of features for the neutralino cosmological properties, by selecting the supersymmetric con gurations on the basis of the range of Eq.(1), appropriately correlated with the range of m . In particular, we proved that this range for 0:3 (nucleon) scalar is compatible with a neutralino as a sizeable component of dark matter. In the derivation of this property, the role played by the correlation between (nucleon) scalar and the neutralino{neutralino annihilation cross{section, ann , is crucial. In fact, these two cross-sections are normally both increasing or decreasing functions of the supersymmetric parameters. Since the neutralino relic abundance h 2 ( is the neutralino cosmological density and h is the Hubble parameter in units of 100 km s ?1 Mpc ?1 ) is roughly inversely proportional to ann 1], lower bounds on (nucleon) scalar entail upper bounds for the relic abundance. It is remarkable that, as mentioned above, the range of Eq.(1), singled out by the indication of annual modulation, is compatible with a neutralino relic abundance of cosmological interest 6, 9] .
From the previous discussion it is clear that one of the crucial ingredients in the derivation of the neutralino relic abundance from the results of direct detection experiments is (nucleon) scalar . But, actually, how accurately can this quantity be evaluated at present? The point is that (nucleon) scalar usually takes dominant contributions from interaction processes, where neutralinos and quarks (inside the nucleon) interact by exchange of Higgs particles or squarks, and the relevant couplings are still plagued by sizeable uncertainties, related to hadron physics, which have not yet received satisfactory answers. Indeed, the Higgs{quark{quark or squark{quark{ neutralino couplings involve the use of quark masses and quark scalar densities inside the nucleon, i.e. quantities which are subject to large uncertainties.
We pointed out this problem in Ref. 10 ], where we showed that, by taking two di erent determinations 11, 12] of the pion{nucleon sigma term, N , and of the fractional strange content in the nucleon y (see later on for the de nitions of these two quantities), these uncertainties may a ect (nucleon) scalar approximately by a factor of 3. This point, subsequently also recognized in Ref. 13] , was usually overlooked in subsequent papers, though the afore mentioned uncertainties still persist. The common practice prevailed of employing, for the relevant couplings, some standard values, which became consolidated more because of their reiterated use, rather than because of con rmation by more re ned theoretical analyses. Actually, the quantities N and y have recently been the object of various other calculations, based mainly on chiral perturbation theory and on QCD simulations on a lattice; however, the present situation, which is schematically revised in the next section, is still far from being clear. Thus, the Higgs{quark{quark and squark{quark{neutralino couplings are still plagued by signi cant uncertainties, of the order of those pointed out in Ref. 10] . In the present paper we wish to take up this problem again and, moreover, to address the question about how sensitive are the neutralino cosmological and astrophysical properties, as derived from direct detection measurements, to the uncertainties which still a ect the neutralino{nucleon cross{section.
The theoretical framework employed here is the Minimal Supersymmetric extension of the Standard Model (MSSM), with the speci cations given in Refs. 9, 6] , to which we refer for all relevant details. Our results will mainly be given in terms of scatter plots, obtained by scanning the supersymmetric parameter space over the grid de ned in Refs. 9, 6] . Of particular importance for the properties discussed in the next section is the role of the neutral Higgs bosons: the two CP{even ones, h and H, and the CP{odd one, A. h and H are the main mediators of the coherent neutralino{nucleus cross{section, A is important in the neutralino{neutralino annihilation channels. The neutralino is de ned as the lowest{ mass linear superposition of photino (~ ), zino (Z) and the two higgsino states (H 1 ,H 2 ) a 1~ + a 2Z + a 3H 1 + a 4H 2 :
To classify the nature of the neutralino, we de ne a parameter P a 2 1 + a 2 2 ; hereafter the neutralino is called a gaugino, when P > 0:9, is called mixed when 0:1 P 0:9 and a higgsino when P < 0:1.
II. NEUTRALINO{NUCLEUS ELASTIC CROSS{SECTION
We recall that the neutralino{nucleon scalar cross{section is given by ; (4) where the two rst terms inside the brackets refer to the diagrams with h{ and H{exchanges in the t{channel (the A{exchange diagram is strongly kinematically suppressed and then omitted here) 14] and the third term refers to the graphs with squark{exchanges in the s{ and u{channels 15]. The mass m red is the neutralino{nucleon reduced mass. Here, for simplicity, we explicitly discuss only the Higgs{mediated terms, then we do not report the expressions for the squark propagator Pq i and for the couplings Aq i , Bq i , which may be found in Ref. 9] . However, arguments analogous to the ones given below hold also for the squark{exchange terms, which are actually included in the numerical results reported in this paper. (6) for the up{type and down{type quarks, respectively.
The quantities m q hNj qqjNi's for the light quarks u; d; s may conveniently be expressed in terms of the pion{nucleon sigma term
the fractional strange{quark content of the nucleon y = 2 < Nj ssjN > < Nj uu + ddjN > ; (8) and the ratio r 2 ry) N ; (11) where m N is the nucleon mass. 
We turn now to the values to be associated to N , y and r.
A. Pion{nucleon sigma term.
The quantity N may be deduced phenomenologically from measurements of the pion{ nucleon scattering; however, its derivation from the experimental data is rather involved. The customary procedure is to go through the following steps (see, for instance, Ref 
where s and t are standard Mandelstam variables, m is the pion mass, f is the pion{decay constant and T N is the (Born{subtracted) pion{nucleon scattering amplitude, calculated at the so{called Cheng{Dashen point.
ii) Modulo terms of order < 1 MeV, which may be safely neglected, one has
where N (t) is the nucleon scalar form factor, de ned as
iii) The evolution of N (t), as a function of the momentum transfer from t = 2m 2 to t = 0, provides the value of N N (t = 0):
Now, it turns out that the determinations of CD and su er from sizeable uncertainties. B. Strange{quark content of the nucleon.
A standard way to evaluate the quantity y de ned in Eq. (8) We 
Use of mass ratios in the evaluation of r makes these results independent of the renormalization scale. However, the validity of the chiral perturbation method relies on the hypothesis that the quark condensate is the leading order parameter of the spontaneously broken symmetry.
Other methods, most notably QCD sum rules and lattice simulations of QCD, are capable of providing evaluations of individual quark masses (not only of their ratios), though these derivations still su er from large uncertainties. For the u and d quark masses we can quote the following results derived from QCD sum rules: 
This result may be considered as representative of the uncertainty currently a ecting the mass ratio r.
D. Size of the Higgs{quark couplings.
From Eqs.(9,10,11) and the ranges for N , y and r discussed in Sections II A{II C, we see that the quantities m q hNj qqjNi's are indeed a ected by large uncertainties. In particular, the quantity m s hNj ssjNi, is uncertain roughly by a factor of 3-4. This has quite signi cant consequences on the size of (nucleon) scalar , because m s < Nj ssjN > is the most important term among the m q < Nj qqjN >'s 47], unless tan is very small (see Eqs. (6), (12), (13)).
The values of the m q hNj qqjNi's for a few sets of values for N , y and r are given in Table I . The rst three sets are representative of values currently employed in the literature. In particular the third set (denoted here as set 1) is the one used in our previous papers 9,6] on the analysis of the DAMA annual modulation data. Set 2 and set 3 are representative sets of values which are employed here to illustrate: i) to which extent the size of (nucleon) scalar may be increased, within the afore mentioned uncertainties, and ii) which are the ensuing implications for the neutralino cosmological properties, when these are derived from experimental data of WIMP direct detection. Thus, sets 2 and 3 are meant only to be two possible representative set of values, chosen within the current uncertainties and capable of providing large values of the quantity m s < Nj ssjN >. Because of the correlations, previously discussed, among (nucleon) scalar , ann and h 2 , sets 2 and 3 are expected to provide sizeable values for the neutralino relic abundance.
A more systematic analysis of the implications for relic neutralinos of uncertainties in the Higgs{quark couplings will be feasible, only when a consistent eld of variation for the correlated quantities N , y and r will emerge from a thorough and coherent QCD investigation of the problem.
III. RESULTS AND CONCLUSIONS
Let us now turn to the presentation of our results. In Fig.1.a (1.b) have a sizeable increase in the cross{section, when sets 2 or 3 are used instead of our set of reference (set 1), which was utilized in Refs. 9,6]. Fig. 2a) and of set 2 (Fig. 2b) . The two horizontal dashed lines delimit the range of the neutralino-nucleon cross section de ned in Eq. 2). Notice how the boundary extends into the region of cosmological interest more markedly in case of set 2 than in case of set 1. This is a rst manifestation of the fact that the DAMA annual modulation e ect is compatible with a neutralino of cosmological interest, to an extent which is even larger than the one singled out in our previous papers 9, 6] , where only the representative set 1 was employed. (Notice that in the present analysis, although the overall range of variation of the susy parameters is the same as in Ref. 9 ,6], we have optimized the numerical scanning of the parameter space in order to increase the density of con gurations which fall in the region of main interest.)
These cosmological properties are further displayed in Fig. 3 , which depicts the scatter plots of versus h 2 . Here the two horizontal lines delimit the physical region for the total local density of non{baryonic dark matter: 0.1 GeV cm ?3 0:7 GeV cm ?3 ; the two slant dot{dashed lines delimit the band, where linear rescaling procedure for the local density is usually applied 9, 6] . At variance with the previous scatter plots of Figs. 1-2 , which refer to a generic scanning of the supersymmetric parameter space, constrained only by accelerator bounds, as discussed in Refs. 9, 6] , the scatter plots of Fig. 3 display the susy con gurations singled out by the DAMA annual modulation data. These plots are obtained with the following procedure: i) is evaluated as = Therefore, with this procedure, we determine the values of which, for each calculated (nucleon) scalar , satisfy the DAMA annual modulation data. Fig. 3 shows that the set of supersymmetric con gurations selected by the DAMA data has a signi cant overlap with the region of main cosmological interest: h 2 > 0:02 and 0.1 GeV cm ?3 0:7 GeV cm ?3 . The extent of this overlap is increasingly larger for set 2 and set 3 of Table I . By way of example, for set 3 one has that, at = 0:3 GeV cm ?3 , h 2 may reach the value 0.3. Therefore, these results reinforce our conclusions of Ref. 9, 6 ], i.e. that the DAMA annual modulation data are compatible with a neutralino as a major component of dark matter, on the average in the Universe and in our Galaxy.
The same gure shows that di erent situations are also possible. Speci cally, for con gurations which fall inside the band delimited by the slant dot{dashed lines, the neutralino would provide only a fraction of the cold dark matter both at the level of local density and at the level of the average , a situation which would be possible, for instance, if the neutralino is not the unique cold dark matter particle component. On the other hand, con gurations above the upper dot{dashed line and below the upper horizontal solid line would imply a stronger clustering of neutralinos in our halo as compared to their average distribution in the Universe. This situation may be considered unlikely, since in this case neutralinos could ful ll the experimental range for , but they would contribute only a small fraction to the cosmological cold dark matter content. Finally, con gurations above the upper horizontal line are incompatible with the upper limit on the local density of dark matter in our Galaxy and must be disregarded.
Finally, we wish to add the following comments: i) To show the e ect of the current uncertainties in the Higgs{quark couplings, a few representative sets of values for the relevant quantities ( N , y and r) were employed, as illustration of the implications for relic neutralinos. We have explicitly discussed situations which allow sizeable values of the neutralino relic abundance. It is clear that, within the same uncertainties, other sets of values of the relevant parameters would entail relic neutralinos of much less appealing cosmological interest. A more precise evaluation of the e ects implied by the mentioned uncertainties will require a signi cant breakthrough in the understanding of the QCD and of other hadron aspects involved in the problem. What is lacking at present is consistency among the various determinations in N , y and r.
ii) The relevance of the implication of the mentioned uncertainties in converting information from measurements of neutralino detection to neutralino cosmological properties, discussed here for experiments of direct detection, applies also to indirect experiments at neutrino telescopes, when one looks at upgoing muons from the center of the Earth. In fact, in this case the size of the expected signal depends on the neutralino capture rates by the Earth, and then mainly on (nucleon) scalar . iii) A number of experimental means, meant to search for the presence of relic neutralinos in our galaxy, look for signals (antiprotons, antideuterons, positrons, di use gamma{rays, gamma lines) 1] originated by neutralino{neutralino annihilation in the halo. Thus, the relevant cross{section involved in this case is ann . Therefore, a word of caution is in order here, for the case when the expectations for these indirect signals are based on supersymmetric con gurations derived from direct detection data. In the estimate of these indirect signals, one should include the uncertainties discussed in the present paper. , calculated with the parameters of set 2 de ned in Table I, , calculated with the parameters of set 2 de ned in Table I, The quantity (nucleon) scalar is calculated with the parameters of set 1. The two horizontal lines delimit the physical range for the local density of non-baryonic dark matter. The two solid vertical lines delimit the interval of h 2 of cosmological interest. The two vertical dashed lines delimit the preferred band for cold dark matter. The two slant dot{dashed lines delimit the band where linear rescaling procedure is usually applied. The shaded region is cosmologically excluded on the basis of present limits on the age of the Universe. Di erent symbols identify di erent neutralino compositions: circles stand for a higgsino, crosses for a gaugino and dots for a mixed neutralino.
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